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(57) Abstract: 

PROBLEM TO BE SOLVED: To optimize the bulk micro 
defect(BMD) density and improve the mechanical strength 
by heat treating so as to meet specified equation of the 
treating temp, and time, 

SOLUTION: The low temp, heat treatment is applied at a 
lov^er temp, for a long time or at a higher temp., for a 
short time. At esp. regions A. a stable control is 
possible over a wide range of 1x10^° BMDs/cm^ or 
less. BMD formed at the heat treated regions A is 
smaller than that at regions B and has a low probability 
of the punch-out dislocation or laminate defect. BMD 
formed at the heat treated regions A can be stably 
controlled and the substrate mechanical strength hardly 
reduces with taking account of the sec. defects such as 
punchout dislocation. The region A is defined by 
logiot='(4.091x10-7)T3-(6,573x10-4) T2+0.3478T-59.72. 
The bolded line A is derived by approximating with 
polynomials contour-lines at an expehmentally obtd. BMD 
density of IxlC^ defects/cm^. 
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(54) [mm<o4imi ¥^mf¥S«L(f>sm^& 



(57) [M^] 

MD^ScD^a-fb ii«^65§&KcDlo]±cD)R:&(c-r ^tif- 
^"a^^aKl X 1 Ol8a t oms/cm 

3 (Old ASTM^) &di(DPmiyv ^ymmi^Mvx, 

ffiK5 0 0"C~6 9 0"C(Z)?aS^^CfeV^T, l^i^iffiata 
^T°C^SFr^t hil(Z)M^*>TS3®^4^ (A) : 
logiot > (4.091 XlO-7) T3 -(6.573X10-4) t2 

+0.3478T -59.72 (A) ^m&'r&^'t>^jifmM^n 




I 



1 



g § 

a/1 nnBEMS9 



(2) 

C»*^l] t^uymmi X 1 0l8a t oms/cm3 
&Ji. Wmmmm'J XI 0^7 at oms/cm^ (01 
d ASTMSSp) Ri:CDPl!i/'J=i>^tcMLT, ?aS5 

0 o'c~6 9 ox;®?ag^H^cfe^^T, ^atsaST'c 

4l«frat hi:a)BS^*^TiB©^ (A) : 

logiot > (4.091 XlO-7) t3 -(6.573X10-4) JZ 

+0.3478T -59.72 (A) ^M^^ ^ ^ ^ ^J^mm^^ 

[M#JS2] /J?P>ffigl X 1 Ol8a t oms/cmS 10 
iiLt. lO»igS^?aS7X10l7atoms/cm3ji^± 

[ft#3S3] ?aS5 0 0'C~6 9 0'C®igH®B(jiffl^ 
$ "blcaSg 0 0~ 1 10 0'C(DmW(:<Dm 

m^^nozLt^umtt^. m^m i 2 iztm 
[f»*^4 ] fuia Pi32/ u n ymm 1 x 20 

1 Ol8~3 X 1 0l9a t oms/cm3 , Wmm^ 
7X 1 0l7~2X 1 Ol8a t oms/cm3 ^^ir^. 

m^-m. 1 ~ 3 ^■r*l3!)^ 1 mzm^-^ 

[ft#3S5] :Kn>Sgl X 1 0l8a t oms/cm3 
^^>Lh, Wmmm.lX 10l7atoins/cm3j^AJ: 

6 9 O-CO^gHT-, lf#:5l {C^L/t<eH^CD^:®Sia . 

Tff*«ii:|Bl«®Slj^&ff§3i:$:#^^i:-r^, ^ 30 

[ft#^6] iSSM^iaS (9 0 0X:OT) feJ:t>V*fc 
ttcp^a^fflS (9 0 0'"C~1 1 0 0°C) $:5-VW7.S^ 

»*lKl~5o^^#^^*^l]S^c§^^®:&& 
Clt#^ 7 ] 1 ~ 6 CD V ^-rn*^ 1 ^fci^® 

(C i o Tf#e>tlfc4^#:®Ko 

Ht#«8] it#]*l~6CDV>-m^U3KtCi^©7^& 
lCj;oTf§e>4%feBMD^Ml X 1 06 ~l x 1 OlO^g 
/cm3 $:^t-^4^^!is«g. 40 

[»#:® 9 ] ft#35 1 ~ 6 (Z) V ^■r4^;^)^ 1 :Stcf a«o:)tf j£ 

[0 0 0 1] 



W^l 0-2 7 04 5 5 



[0 0 0 2] 

^'^^l/^dr-jsS (CZiS) tCj;oTiSg$nfei/U=i> 

lCj;oT^lfaiL, ^/jN«J^^P(fi (bulk micro defect 

T, BMDfcl,^o) ^m^ir^. 3CDBMD{i^;fM 

ffl-fSIG (Intrinsic Gettering ) ^5fc()'!/£<ffi^^^4^ 

TV^S. BMDtt^^?S14^(C#^E-r-5i:»-7^ 

[0 0 0 3] BUBommmmt. ^^mm (±i:L 

T9 0 0"CtAT) (Cct^^m^fiJo^il, ^niC^< 
^iS^i^LSI (±i:UT9 0 0~1 1 0 O'C) tCj:e*fai 
^:K^3b^6)figS. -jiaic{Sig|^*!KaA'^^<«:Si:B 

[0 0 0 4] P/P+ xtf':7i-yMi, ^^-fL ^ 
^V^T^y :^<7)B§jiiOfcfeL S I LTJ[£<MVN 

[0 0 0 5] -mmm.if<uy^m?^ m&^m 

V^feP/P+ Xtf-!7ai-AT-tt, 4^~n ^iSJg^CD^lglC 

©T^/t^f ir::^ {cfe V ^TlSSB/g«) BMD^^fjgS 

Ifefe o fc„ HMD f)-m^^ m^(7:>wm. 

[0 0 0 6] Z.(D^^\Z. 4^«:^VNM^^'5:n->'NG) 

M,^>ibBMDf!l^fli7b':SSi;«;.g>„ LA^L^&A'^b, ±j& 
LfeJ:e){C. P/P+ xl^^x-ZNT'li, 7j?D>$:fl5jg 
m (lX10l8atoms/cm3 J^U:) tC-g-t^ P+ S 

BMD^s^-9--f x&«ii4/t^tc$fr^i-^ ^ \tmmx 

[0 0 0 7] BMDCD^g^SrWtJ-rStCti, {giE^jSS 
fci:x.«, BMD$:fflif!l-r'5tci-^^75;< eDV^^C^ 



(3) 



[0 0 0 8] ^(D^olCP/F+ xt°'^x-AlCfeVNT 
[0 0 0 9] bfcTb^oT, *f§0Htt> ±fB<Z)J;o^j;«itK 

[0 0 10] 

Jgjgl X 1 0l8a t oms/cm3 Rh, tJ^^igS 
7X 1 Ol7a t oms/cm3 (Old ASTM^) Ri:® 

PMi'U^>»-*f^'^^ SSsoox^-ego^® 

;!)^TfB®^1^ (A) : ^ ^0 

logiot > (4.091 XlO-7) T3 -(6.573X10-4) t2 
+0.347OT -59.72 (A) m&t^^or^mm^n 

[0 0 11] ±SBcD^ff?:i§J£t-S^M5:»^^St^ 
n -fe X® ^-r4a*^(Z)mP§^-fe<' ^T^-r ^ ^ i: <fe o T 

[0 0 12] $65lC*ISH^tt, ±Sa®:^-^lCj:oT#t 

[0013] 

(A) (Dm^^m&-t^msm^m5m&-^^-^ 

T =^47^ r i: I- «fc o T |1I«<D?A*?:#^ r i:*^T'g5. 
[0 0 14] jgfflb#<2>^l^^«s»«l*^ d<D>igSlx 
10l8~3X10l9atoms/cm3~, 
S7 X 1 0l7~2X 1 0l8a t oms/cm3 (Old AS 40 

[0 0 15] *|gBm. Z.(D^of£'^n^W^P/P^ 
J: oT-rVM X ^'n-fe X*IC^*ICJ^^$ tl«> BM 

[0 0 16] EI1.33it>'H2li, P/P+ xt'Ox-A 



^ i^gg5pl0-2 7 04 5 5 

0 0 o-c, si^raicasb, ^s^m^^^^i^^ 
{ssM^S;^ 7 0 0 -c -e It. mms^^T^ty^ s'mrs^M 

x.-g> BMDjfjU X 1 0 c in3 RJ:it-#^"t«> ' 

@. c V Dxg* ific 6 0 0 ~ 8 0 0 'cm.(nmmii^ 

[0 0 17] -:&> 0 o°c*?fi, i;<ic 

ra-rszihicioT. 7 0 ox:-ei*BMD/)^^^tcj^ 

P/P+ Xlf '?x-AlCfeV%T%J 1 05 ~ 1 0 
cm3 ilV^e)J^;v^|SH■eBMD$:»i■•^>^il*W 

[0 0 18] ti!e5R(Z)PM'^x-A-Z:ii, igx^Sj^Oa^W 

4 8^1 2^112 em. 1 9 79^B©o^b 

r h J; o T B MD^E&^SB^I't-^'F i il A'^"?? 

[0 0 1 9] @3ic, 2mmm^o>BUDmm<m 
imm^^^M^f^^ fiwi;*wefeu, BMD^m 

ltBMD#|S (1X1 olOM/cm3 J^U:) M^^^* 

■jsM (A) \tBUD^^mtmmA(DmMni^^A^B 

MD^Sl X 1 Ol0^a/cm3 (A) 
IC J: oTi£<«6^tC^bfe%®T'feSo 
[0 0 2 0] P/P+ Xtf'^'x-AlCdSVAT, BMD® 

it7!)-**^-5)o fI^Alc33VxTttBMD*U X 1 

■ olO^/cmS Ji^Tc7)j£;v^^Ht?^^bfe»/5)■^^^B-e 
j.:AT®afi*^'i%fI^AlC*-:5<^*W 

$bV\ 

[0 0 2 1] t^IlBIa2©fF«S^^CfcV^T. BMDCDif 
>fX^COV^T-SS.bTV^^;!3^, M^A COSMIC ioT 



(4) 



mm A (Dm!miZ J: o TJ^BSIS B M D U fcflj 

[0 0 2 2] *|gBgli3<:Die)^<g?a>?)^0:g^r^«lS(D 
fI^A®i*iJ!aS$:ii«-r -5 3 i: tC J: o T B MD l/^ 

^ (A) tCj:oT^3tl-&o 

[0 0 2 3] logiot > (4.091 XlO-7) T3 -(6.573 
XlO-4) t2 +0.3478T -59.72 (A) M^CO^^il 

jfes*^ (A) \tmmi\z'!^^t\tz.^u.T>ms.^ x i o 

[0 0 2 4] BuiiSLfci-itC, t^^ii, m^^^^ 

a«:K^r^<b-r-5{f i;'BMD?BSS:ti*p$-&s hnxh 

fdiJ^^iZ. P/P+ xtf-^jc-AT-li^fig^i^lSl^r^ 20 

[0 0 2 5] *5g0^tt^^*^^^Sf^^ctJf^*$^l-&c:^; 

x^^o tt\ z-CD^Miiim-t^r^mz. bmd©?^ 
f^^. mum^^tisfmmt^ (bmd?^^) (Dzmm 
{z^»xm?ix^?>. miiiwm^mmim^mm(Dm 
mamtiimmnz^^-t^, ^^r^^a^i^mamit 

[0 0 2 6] P/P+ Xt'-^^jL-ZNOD^li. 6 0 0°C 
fii&CD^^mfjiM^m^^X' B M D b*^0 B M D 

<£M-rsii*;<)':fe^*Dn^i:v^e)[a3®^ss±y, 

[002 7] EI4 <fct>'Bi 5 li{BSIK!«^P^7b'hR< f£ 

sicotiTff tfj^ms^tu5BMD?Bs*>ifoD* e) izmt 

a^p^S:*-r. m'p(D<^Mi>iiSi^mmnz^^xmm.^ 
n^mimmm^. ^iti^mm^iz-^^i^xcD 

CPSHWI (Mx.«l 0 0 0-C, 8 h) ^ta^tc^COB 
M D ^m.'t. ;^y^yi''x^sL fcgp^^li B M D 
IS (miiBMD^^l X 1 OlO/cmS f •Sfl 

«T'$>S. 6 0 0-CO<6?SIS^T'«tTm=^fiK£R7!)> 
:^$v^fc^*, lll4ic^-rJ;e)tc^ffii^S5iKtt^P^i;i:=fe) 
{c#,iS(cit:^ L, M^r^T' BMDfi£SfcM-t-5P5#^S 
(Dc) $:®x^= *fai1^S;SA':Dc$:®^^i;, 
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mm^rstt^izi^iz't^, 
[0 0 2 8] me is ^xMT it. P/'P+ xtf'i7x->'N 

mti^eoox: (la 6) T'«, iSi«^:ft^(@p^b-r-53i: 
iz J; u ^m^ttis?$;fttc?^^$ ;b\ ©Msaa ^m. 
xmm^ti^BMDmmit.m.r't^. mimtm^miz 
m^^ti^t. m^^(ow^Ait-'^x$>^r=.isbm^(D 
mimizmt^mmsoiM'pu «fm^«)-y--fX7bv>$ 
tA^oT, w^a^'p^smmiz^^x^Mx^^ 

mmiti'ioox: (117) ^c^3v^T«, H^t^cke)^^ 

[0 0 2 9] BtJxEL^ccfceJtC, fifefe«BMD^S«ffm 
(iZl©^BiCS-3"V NT BMD^S®$!lt9&|lI5 e) il -r -i) 

[0 0 3 0] :mm(D:i^mmt£,mi. mmimmmm 

m&dnzmmmzm^^^^oiz^^ztx;^^. z.<d 
kmzitzmjmmmzm^ir. mi<DfmM^m^^ 

^xn^o 

[0 0 3 1] Z.(D ^oiZLXPyP+ :2iy^^3L-/\(DB 

[0 0 3 2] w&-t^^m(D'^mz^-^tix\^^io 
(c, mi'p<^BMD^mfim<^j^?>tmio>wm&ii3m 

A^WS (08) . BMDH^^-t^tZfn-k^^i^ 
tc J: o T li:^ U -J -ftm^ U 7-Vl-r ;^<D^W* y 
T3i±S (Bi9> 010) r-lsb. BMD^m^MM-t^ 
iimi)^$>-of~o P/P+ xtf't7ai->'\T-tiBMDgB^$: 
1X1 OlO<@/cm3 ;i*T{C«];t-g>z:illCj;oT^'J >y 
:/©#§^$:RS<^zi;:^"i?S-i>o BMDSgSTb'HS-r 
^SilEll 2^CS^-rJ:e)^C^M«^{CJ;^JxtfS©^ 
-f 7 ^ >f A*^T-r -5 if, >!f >y ^ -ic}}^t)<^ ^^iS^^^ 

B^ti^^±^^o ZOfzl^. BMD^SilUT^l X 1 0 
6 flg/cm3 JiU::»!)'!ik:^gT-fe€> (01 2) „ ^mn(D-l3 
iSlC J:-ntf. BMDa;S$: 1 x 1 06 ^/ c m3 ~ l x 

1 0 io<@/ c m3 amrnxwei-t^ z. tif^x^. 



(5) 



[0 0 3 3] mrao^jaaicj:oTBMD<D?^ 

a t oms/cm3 RJl1:-®^T'fe§. J/Un:/ 
SK'f'ro^^^iS^^^Xl Ol7at oms/cmS (ol 
d ASTM : OT^mSro^^tt^TOld ASTM^^ 

3^^0^T'ttl X 1 Ol8a t onis/cm3 tLhCO'i^ 
n>S.t>*7 X 1 Ol^a t oms/cm3 j^UicTD^^^-g- 

[0 0 3 4] ziZLT'MS^ziiitt, |?!^<DjaKi:^ra 
[0 0 3 5] jfefc, {gS^^aK^^'^a 0 ox:^Xh, ^ 

l%tt5 0 0^C7R^T'^i®6gffffi*^^a355^V^fe«)BMD 

$T*b<^l;v^„ 
[0 0 3 6] *f-, dfD>mS*^3X 1 0l9cm-3jiLh 

^y^y^vh mmi^mA-^ nxh^^-^m 

M*':S>S„ C Z&XltmS^l(Bmt>^ 2 X 1 0 18 c m-3 
[0 0 3 7] 

IMM^n lXlOl8atoms/cin3 JiUlOiKa 
i-Atc#SOl^ra5:^?^ - ilici; 'J BMD^r^J^^b 

eiSfi^Jl] CZ-^lCctyj^^bfe, aW/L^lOm 40 
Q cm (d-Npi/^SSl X 1 Ol9at oms/cmS ) , 
^^SSl. 1 X 1 Ol8a t oms/cmS CDP+ 
JilC, 3Mm®xe)i5:S&SSii^cP/'P+ xif-^^- 
Aic, ^&«cr^:Mv^^:|g^^#H^4'•r«6 0 0°c 
T' 1 5 h, MV^T 10 0 OX:iCT 8 h (-6 0 Ot:, 1 5 

h+iooox:, 8h) <Dmm^M:^t~^^ ilS®-/ 

D -fe >^ t? 6 4 M D R AM 5:tS,{^ b 7c= 

[^•M2] ^«?IJli:|fll«(Z)P/P+ Xtf-^x-A 
(C, fl£W?:fflVxT|g«^ffl^*T'6 0 0-C, 10 
hCDl^^&Jn^^^^l- ait(7)-^a-lzXT'6 4MDR 50 
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*^x^^■fe7>^c^3v^T, siH4^«v\ eoo-c, 4 

h (D^C V D^iXMS^aty U =3 1 M mJPi^ 

TLfc^. ^^-iDXSrHeU 3Mm(DxtfJiS:fi&S^-ti 
X. KS#5ISrHi>U=i>K^P/P+ xli-':;x-A?:# 

-/N V ^TiiS<:^7'^ -fe 6 4 MD R AM5:^# b 

Q cm (/KD>SS1X 1 0l9a t oms/cm3 ) , 
^^ili;Kl. 1 X 1 Ol8a t oms/cmS G)P+ 'i'x 
-AlC, tfci^dP^:fflV^■C 6 5 0-0, 2 0 YiOM^^M 
Xtm^. xifjiJ^fia?:4ToTP/P+ x^^'^x->'^i: 
U jlS®>''0-feXT?6 4MDRAMfe|Si#b^= 
[^M5] ||Jg|5lJli:|HI»©P/P+ xbf'^7x-A$: 
6 4MD R AMS:{^^-r«>7-V^-f :^^n 
1 Onm;¥<Z)»bK?:?^^l-7tm^ ^^H^*-^-6 
0 0°C, 1 Oh<D|^*OaS:^Tofco 
>'M:5<.^Di2>?.lcMU 6 4MDRAM5:|Sif^bfe= 

[^^6] |g(i6^^Jli:|eI«OP/P+ xlf'!7x-AlC 
f&S5c^&fflv^T$^^*#H^*■^■ 6 0 0^. 1 0 h + 

1 0 0 o°c, 8 Y^(Dmm^M^r=Mz.mM(D^n^^ 

-e 6 4 MD R AM?:|Si^^bfe= 

Siii6^J7] ||Sfe^?lj4i:|Rl#(7)P+ '?x-7nU&«*'5: 
fflV^T5 6 0"'C, 2 0h+1 0 00°C, ShCO^^Oa?: 
xifS?^^?:«oTP/P+ xtf't;x-A 
ilU iiSc'5':^alZ7.T?6 4MDRAMS:|*if^bfc= 

eiJfe^s] ^M3i:|ii«®p+ t7x-/Ninxyn-fe 

>^^C^3V^T. SiH4 5:ffl^V 6 0 0°C, 4 h(^^CV 
D^OiS-e#IS^i> 'J n 1 mjfi^b^^, ^ ^ 
-iDXSrJfeU 3Mm©xtfM«:^:R^-&T, 
^S/'J P/P"*" xtf'^'x— ;N$:#?!5obfco 3® 

KTOSa^i/'J n>M#P/P+ xt:"t;xWNtc6 5 o 

MRAM5:Mf^by^o 

ti^b^MD HBfelS^Jl i:iai«®P/P+ xtf'?x-/N(c 

Jjt^&fflV ^Tf^^m#Hac^'■C- 7 0 0 °C, 3 h + 1 

ooo-c, 8 h(DlK«&mfem(caS o^a-fe^'C' 

6 4 MD R AM5:|S;^^bfc= 
[J:b«C^J2] ^^Jli;llI»®P/P+ xt'-^x-ZN?: 

(7 0 0-0, 3hffl^oii&«!a) ■m.tz.mz.'^mmn. 

tfiT'lOOOX:, 8h(DlS«5:^Tofc„ ^®^St>'a 
S©7=>''?^'^^D-'2Xl-MU 6 4MDRAM$:^#b 

CtMSjC'llS] 12: railed P/P+ XVf^7x-AlC 

wm^^^^^x. Wi^^m^^x 6 0 o°c, 3 h + 

lOOOTC, &)x<Dmm^lM^td^^ imcD^n-^y^ 



0 

tmm^m^^x, ^tmrnmrn^'p-c e 5 ox:, 5 h + 

100 or, 8 h(DjlSM$:m:fe^, iiSa):7'a-k>(. 

T' 6 4 M D R AM ^^i^ b ^. 

jistfcr I' ^T, mmm^m^^-^- 7 0 0 1:, 7 h + 
1 0 0 or, 8 h(Dm^!m^mxf=.^, m'^<D-:fu±7. 

6 4 M D R AM L>c, 

CJ:big^j6] mmmitm^<Dpyp-*- :^}^^3l-/mz 
am^^m^^x. mm&mm^'pTG^ox:. 7h+ 

1 0 0 or, 1 2 h(D||?i«!!ai5:*Px.fe^, -^yW :;^:3^n 
4MDRAM$:|*;f^Lfe. 

^t«§^ig;g;{)^5. ox 1 Ol7a t oms/cm3 
il<6^^IIS<©'^7x->'^S:fflV^■r 6 4MDRAMS:S*;# 

V ^K.i,mmAa:)mm^^'iz^m-t^msm^m^r:Lm 
7iiA, Bmm<Dmm^t\i?Lt=.m^x&^, 

XltBM D r^^(Dmm\tmzm?t.X V V ^o 

[0 0 3 8] Tia^i ttlQfeR J:bifMfej;y^1ia$^i'!|{c 
oV^T, 5^A>fxyp-feX,1i|7^©BMD$:fP<iLittj 

[0 0 3 9] 
[«1] 



(6) 
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BMD-9->r X(a,u.) 


HI&M 1 


8x10? y'ai 


3 8 


2 


2x 1 0? /erf 


3 6 


3 


4x 1 0*^ /al 


3 4 


4 


4x 1 08 /dl 


4 8 


5 




3 6 


6 


1 X 1 OlO/crf 


6 8 


7 


2 X I o8 /of 


102 


8 


8x 1 o9 /arf 


3 9 




6x 1 09 /arf 


1 1 2 


2 


9x1 o9 /irf 


98 


3 


2x1 olO/crf 


78 


4 


4x1 O^Vcrf 


9 7 


5 


5xiolO/crf 


13 2 


6 


6x10 1 Vcrf 


4 8 


7 


3x1 QlO/arf 


83 




8x1 QlO/flrf 


28 


2 


2X1 o6 /-erf 


1 1 0 



50 



T'liib^M^ti^J 1 tcib^T BMDa;S*MS<«i^b 
T BMDSgS*'5jA<' ^«SHT'$!I^$ tiT V ^S z: i: 
[0 0 4 0] t-fc. ^l^iBMD■y■>fX^COV^T=fc^ 

-T'/WXy^n-tzxcDiSi^^t, ^SpM-fktciy BMD 
tjS2S.?>'BMD-9--fXfiJ1^;<>-<j2^gi:^oT<^. :2|sf6^ 
{C J; o T B MD-9--f XICOV ^T nlllT-feS. 
[004 1]||figMl> 2, 4, 6, IX'imm^^^^ 

nomm.izmi^x^m&-^n^ji^\ m^i^t^^oiz^^ 
mr^tz.ti>mmx^^o -^lt, ^^^t^t-^^^^c 

mms. 8ic^-rj:9fcB spjg^ta^DK (k^-- 

iiy^^^yzi^y h^.x-(Dl]m^it^i^^:^-^^^mxm 

■k^'^&irz.mxmizis^^x. mmx-^^jM'^^mu 
z.iiti^x^^<DX\ msti^^'r^u 7.-:fu-^7.izmm'sim 



[0 0 4 2] mMi. tmm^ t*65^jicj;oTM#$ti 

[0 04 3] r<Z)J;e)^^*5:#^cW*ilbT, BMD 

[0 0 4 4] aM§aKcD^l^ilbT^i»;^^'^-t^^»T^5 

itmil OlCa^-r<fce)tCBMD^SlX 1 OlOM/cm 
^7^-f/.CDBMD^S^fe#'^4^3^l>"tV^S= Oll^Stfi 

O 7.^§itm^^^t^^> BMD^Sl* 1 X 1 

[0 0 4 5] Z.(D^olZ. i^mm(Dl5mzXH\im^ 

So 30 
[0 04 6] 

§Sa^«BMD^;KA\"W<J&:SiC-z>nT^Ml:U f'/'^-fX 
XjgcliT'CDKeL^S^^tiBMD^S:*^ X 1 0 10/ cm 
3 $:®^si:^i!!lc±#i-s:iiiA':fe*^S (09^ 01 
0) o '<j;eoT»K(7)m«6U5£S5:«-^> ^&#§^5:P:Siii 
■rSf-*(Cl±BMD^S^ 1 X 1 Ol0/cm3 J^ATlCffll 

xSi2«*^&So ffv^')y^(mif^^\t. BM 

DTbU X 1 06 / cm^fXm^-^t\X\<^^Z.hiS-'^m 
y^V^fc4?)> BMD5:1|iJ1^'tS>ntl±iAe5fefic^BT'{i 

BMD^S&WL'J;-?) i:-tS%®T'&So 
[0 0 4 7] ^f£|§B^tCj;tt«, P/P+ Xt^t;3i-/NT' 

-ttS^il^^^iCT-^So i:<tC, 5 0 0°C~6 9 0"C 



(7) ittB33pi 0-2 7 04 5 5 ' 

W 12 

[0 0 4 8] *^|s|§^{Cj;S^^ (A) K^-^tc 
m^\Zii y BMD 5: 1 X 1 0 10^/ c mS-fi^T©^. 

ihU BMDS;S^-9--f^'^«a^f-^'J^"^^''^*' 

[0 0 4 9] & ;RSFr^(Z)^«t!ia(Cj:o-CBM 

S-tirS^tlCioT^ro^S^rmS^tlC&So iJ^o 

t.nrfg-e*>So v\<ojb^<Z)^«&iia^^^iisri:=b 

[0 0 5 0] *|g0^lC^S:&?*lCJ:*ll3:, BMD?:4'~ 
{g^S (1X10 10— 1 X 1 06 f@/ c m3 ) JCfflJA-S 
3 i: J: o T«l«3SSl^'»*x^^^^*»*^^*^ ^ 

e>(±-e^sf£H^{S^s®BMDAU <> -^^y ^ 'J y^'<^ 
m?^> ^ liis^sco BMD ly^'j^m i^f^^ t>\ ^w^<^^ 
mz^n\t. wmm&. ffv9')yf±o^i^^^^^ 

y<Dm^^ \^^Mzm.^x n aica^-r s ^ t. ^^t-s 

So 

[EI®®^#?^fi^] 

[|gi] P/P+ Xtfii/ai-AlCfct-tSBMDlSyKCOiS 
[02] P/P+ xtT'i'ai-AtCfet-tSBMDif-^'XtT) 
3] P/P+ xtr'?x-AlCfcl-j-SBMD^^O{£ 



[I2I4] P/P+ xkf'5j^->'MCj3l-JS^*|ffaJ#»)5: 
fiH^-rsHo 

[H5] xlfi^x-AiCifel^fS^^tB^?: 
jJisS"t"SHo 

[me] P/P+ xti"':7x-Atc33t'j-s^tfm#t6^ 

[®7] P/P+ Xtfit7x-;MCfe^-tS^E*Bfffi^^ 



[08] mx^m^hjm^ts mwmm ©bmd^s 

«t#tt?:5^-rHo 
[09] 7-VUXlCfeltS<E&ll*^BMD^glte# 

[010] 7-VM>^lCi3l-tS#^*'J<Z)BMD^g[«Se# 
'l4^5^-t0o 

[01 1] xtfM^-f^^^-^ (-if^y^?-!!*) (^BM 

D^SfiS#'t4?:5^-r0= 
[012] T-VUT.tCfcl-JSU-^'^^^^^BMD^ 

[013] BM-D^mmmi^o^^^^ yms.^^'&'^yr- 



0 

114] mm. iimi miff>nz^^ruwbr~6 
mi] mz] 



(8) ^ip^pi 0-2 7 04 5 5 

4 MD R AM®5pl^K{4^^ii3]2i*|^^^ ^5^-^ 

[@4] 




9 





[05] 



Tcxtti-fiaxrcxflh 




1 X IcPtl/cm^ 
1 X lO^«/cfi? 



100 



(A) : loQi(^=(4.019xlO"'^)T*-(a573xlO"^)T^ +0.3fl7ST-fi9.72 



[116] 



17] 



«rtt« 




[09] 



□ ttmm 



lE-f-a? lE-l-GB lE-l-n 



II 0] 





^ ^ o 












a JtttM 











lE+QT lE+Oe 1E+11 



01 2] 



K- 




1E-f06 IE+07 \E+(B 



BMDB«/em-' 



(9) 



[08] 



# 



^ga^p 10-270455 
[Ell 1] ' 



ft 

■K 

































- J t-.*HiAj 





1E+05 1E+0B 1E+arr lE+08 lE+09 lE+10 




IE+05 lE+08 



lE+07 lE-KB 



II 3] 



( TTCxaOh+IOOO'CK 



I B roc 



g tE+QB 

s 




1E+16 1E + I7 lE + 18 <E + ie lE+20 



